Purpose: We previously conducted modelling and a patterns of care study (POCS) that showed gynaecological brachytherapy (BT) was underutilized in New South Wales (NSW), the USA and Western Europe. The aim of the current study was to assess the quality of cervical BT in NSW, and to determine if caseload affects quality of treatment delivery.
Purpose
We performed the first comprehensive, populationbased brachytherapy (BT) patterns of care study (POCS) in the Australian setting by performing a BT POCS for New South Wales (NSW). In comparison with our model of optimal BT utilization, gynaecological BT was underutilized in NSW, as well as in the USA and Western Europe [1] . The other aim of the POCS was to assess the technical quality of NSW BT practice by comparing with known quality benchmarks, and to thereby determine if a caseload effect exists. Herein we focus on these results as they pertain to cervical BT quality. Although uncommon in Australia, worldwide cervical carcinoma is the fourth largest cause of cancer death in females [2] . Brachytherapy is an integral part of cervical cancer treatment [3] , and the technical quality of cervical BT has been shown to correlate with outcome [4] . Previous cervical cancer POCS have shown that institution size/type affects cervical treatment quality and outcome [5, 6] , but as yet there is no data directly comparing institutional cervical BT caseload and cervical BT quality.
Material and methods
In 2005, a retrospective NSW BT POCS was performed for patients treated in 2003. The population for the current study was all NSW resident cervical cancer patients treated with BT in NSW in 2003. Site visits and data collection by the principal investigator were made to all 9 radiation oncology departments in NSW that deliver BT. Collected data were entered into an Access database and then transferred into SPSS v15.0. Logic checks and frequency analyses were performed to identify data errors and in-consistencies. Quality of BT treatment was assessed using published benchmarks: point A dose ≥ 80 Gy [3, 7] , ICRU (International Commission on Radiation Units and Measurements) rectal point dose < 75 Gy [3] , ICRU bladder point dose < 80 Gy [3] , and total treatment time ≤ 8 weeks [3, 7] . Quality was compared between the four departments that performed more cervical BT (higher BT caseload) compared to the five departments that performed fewer (lower BT caseload). Doses were compared using the linear quadratic equation to convert high dose rate (HDR) BT doses to equivalent low dose rate (LDR) doses, which are approximately equivalent to standard fractionation at 2 Gy per fraction (EQD). For late effects, α/β = 3, and for early effects and modelling of tumour control α/β = 10 [8] .
Categorical variables were compared using the χ 2 test. Means of two variables were compared using the two-sample t-test (two-tailed). Pearson correlation test was performed to assess relationships between bladder/rectal doses and point A doses. All institutions and patients were de-identified. Permission for the study was obtained from all relevant Radiation Oncology Departmental Directors and Human Research Ethics Committees. The study was carried out in accordance with the Helsinki Declaration.
Results
In NSW in 2003, there were 15 radiation oncology departments, of which 9 (60%) treated patients with BT, all administering gynaecological BT. After exclusion of 14 cervical cancer patients resident interstate, 76 NSW cervical cancer patients were treated with BT in 2003. The median number of cases per department was 8. Four departments treated 52 (68%) patients, median 13 (range 11-15) per department, and are categorized in further analysis as "higher cervical BT caseload departments". The other five departments treated the remaining 24 (32%) patients, median 4 (range 1-8) per department, and are categorized as "lower cervical BT caseload departments".
Mean patient age was 59 (range 26-83). Fifty-seven (75%) patients were stage IIB-IVA, with technically inoperable disease. Seventy-five patients had known histology: with most (87%) having squamous cell carcinomas, the remainder being adenocarcinomas (9%) or adenosquamous carcinomas (4%). One patient was treated for locally recurrent disease, and five patients were treated adjuvantly. Definitive radiotherapy with EBRT and BT for 70 patients with non-recurrent disease forms the subject of the remainder of the analysis.
Tandem and ovoid BT was the commonest applicator type, used for 61 (87%) patients, with 6 of 9 departments using only this equipment. LDR 137 Cs BT was used by three departments to treat 40 (57%) patients, PDR 192 Ir was used by two departments (treating as LDR) to treat 5 (7%) patients, and HDR 192 Ir BT was used by four departments treating 25 (36%) patients. All departments used orthogonal film based planning. Seven departments used individualized planning, while two (both lower caseload departments) applied a best-fit library plan to their nine anaesthetised HDR patients. All departments dosed to point A. There was no difference in type of applicator used by caseload, with almost all centres using tandem and ovoids. Lower caseload departments were more likely to treat using a best-fit library (rather than individualised) plan, treating 38% versus 2% of patients this way (p = 0.002, OR: 0.034, 95% CI: 0.004-0.296). Dose data for EBRT and BT were available for 69 of the 70 patients. No consistent dosing schedule was used, with a wide range of doses and fractionations prescribed across the state. Median EBRT dose to the cervix was 50 Gy (range: 39-50.4 Gy) in 1.8 Gy or 2 Gy fractions for all except two patients who were treated with 1.67 Gy fractions. Median and modal HDR dose was 18 Gy (range: 6-24 Gy), delivered in one (8% of patients), two (8%), or usually three fractions (84%). Dose was known for 44 of the 45 patients treated in an LDR fashion (with LDR or PDR equipment): median and modal dose was 30 Gy (range: 20-43 Gy), in one (69% of patients), two (29%), or rarely three fractions (2%). Median total EQD2 dose to point A (α/β = 10) was 76 Gy (range: 47-88 Gy). Higher caseload departments treat ed to higher mean doses (78 Gy vs. 71 Gy, p < 0.001, 95% CI for difference: 3.5-10.2 Gy). Benchmark dose ≥ 80 Gy was delivered in only 31 (45%) patients with higher caseload departments more likely to achieve this benchmark: 28 of 48 (58%) compared with 3 of 21 (14%) (p = 0.001, OR: 8.40, 95% CI: 2.18-32.4) (Fig. 1) .
HDR patients were treated to lower doses than LDR patients (mean 72 Gy vs. 79 Gy, p < 0.001, 95% CI for difference: 3.5-9.8 Gy), and only 5 of 25 (20%) HDR patients were treated to the benchmark point A dose, compared to 26 of 44 (59%) LDR patients (p = 0.002, OR: 0.17, 95% CI: 0.05-0.55). When using HDR BT, higher caseload departments were more likely to treat to an adequate dose (4 of 9 patients, 44%) compared to lower caseload departments (1 of 16 patients, 6%) (p = 0.02, OR: 12.0, 95% CI: 1.07-134). This distinction was not necessarily true in the case of LDR BT: adequate dose was achieved for 24 of 39 (62%) patients treated in higher caseload departments compared to 2 of 5 (40%) patients treated in lower caseload departments, but this difference was not statistically significant.
ICRU rectal point data were routinely recorded by all departments and were available for 66 of the 70 (94%) pa- tients. Median total EQD2 dose to the ICRU rectal point (α/β = 3) was 64 Gy (range: 43-77 Gy). There was no statistically significant difference in mean doses by departmental caseload (p = 0.11). The recommended dose of < 75 Gy was achieved in 61 of 66 (92%) patients with no differences by caseload (p = 0.6). Although HDR patients averaged lower rectal doses (HDR 60 Gy vs. LDR 66 Gy, p < 0.001, 95% CI for difference: 3.8-9.8 Gy), there was no significant difference in the likelihood of the < 75 Gy benchmark being achieved by BT dose rate (HDR 96% of cases vs. LDR 91%, p = 0.47). Point A doses and rectal doses were weakly correlated (r = 0.449). ICRU bladder point dose data were routinely recorded by all departments except one, and were available for 56 of the 70 (80%) patients. Median total EQD2 dose to the ICRU bladder point (α/β = 3) was 80 Gy (range: 53-175 Gy). There was no significant difference in mean doses by departmental caseload (p = 0.23). The benchmark dose < 80 Gy was achieved in 28 of 56 (50%) patients with no differences by caseload (p = 0.34). HDR patients averaged higher bladder doses (HDR 94 Gy vs. LDR 77 Gy, p = 0.04, 95% CI for difference: 1.3-32 Gy) and HDR BT was significantly less likely to achieve a bladder point EQD2 dose less than the recommended 80 Gy maximum (HDR 29% of cases vs. LDR 59%, p = 0.042, OR: 0.29, 95% CI: 0.09-0.98). There was no correlation between point A doses and bladder doses. Total treatment time was calculable for all but 3 patients (96%). Median treatment duration was 54 days (range 37-75 days). A maximum of 8 weeks is recommended after which accelerated repopulation may negatively affect survival [3, 7] . This benchmark was achieved in the treatment of 38 of 67 (57%) patients, more commonly in higher caseload departments (31 of 47 patients, 66%), compared to lower caseload (7 of 20 patients, 35%) (p = 0.02, OR: 3.60, 95% CI: 1.20-10.8) (Fig. 2) . There was no statistically significant difference between HDR or LDR treatments (p = 0.27).
Discussion
In NSW in 2003, 76 NSW residents with cervical cancer underwent BT, in 70 of whom treatment was part of definitive radiotherapy. At this time, no NSW radiotherapy departments were using 3-dimensional BT treatment planning, the majority of patients were treated with LDR BT, and many patients were treated to inadequate total XRT doses over prolonged treatment time, particularly in the departments that treated fewer patients with cervical BT.
Comparing the results of our NSW POCS with the Australasian POCS performed only two years later by van Dyk et al. shows that there appears to be a move towards incorporation of more advanced BT technology [9] . Only two years later, 6 of 21 (29%) Australasian departments had incorporated some form of 3-dimensional treatment planning [9] . This has been shown to improve tumour control and treatment related toxicity [10] . There is also a move towards HDR BT, which was used in NSW in 2003 by 4 of the 9 (44%) departments for 25 of the 70 (36%) definitively treated patients. Two years later, according to van Dyk's survey, 12 of 21 (57%) Australasian departments were using HDR to treat cervical cancer, reflecting the gradual replacement of LDR by HDR for the treatment of cervical cancer as manufacture of this equipment wound down [9] . Given this move to HDR BT, a concern is that NSW benchmark point A doses for HDR BT compared to LDR were less likely to be reached (20% vs. 59%, p = 0.002), and benchmark bladder doses were also less likely to be achieved (29% vs. 59%, p = 0.042). A reason for this poor therapeutic ratio may be the use of insufficient fractionation in NSW, with HDR BT usually delivered in three fractions of 8 Gy. This compares unfavourably with the Japanese and Canadian medians of four HDR fractions [11, 12] , and the US median of 5-6 [13] . Fewer fraction numbers implies increased HDR BT fraction size for a given total dose and is correlated with increased late toxicity [14] .
For optimal local control, guidelines recommended total point A doses greater than EQD2 80-85 Gy [3, 7] . In NSW, this benchmark was achieved in only 45% of patients. This compares unfavourably with the 1996-1999 POCS in the USA, showing that 69% of patients were treated to a point A dose of ≥ 80 Gy [5] . In NSW, me dian total EQD2 dose to point A was 76 Gy for the entire cohort (72 Gy for HDR BT and 79 Gy for LDR BT). By comparison, overseas doses were higher. In a Canadian survey, median prescribed EQD2 for HDR BT was 83 Gy [12] , and in the 1996-1999 USA POCS, median total EQD2 for HDR BT was 86 Gy and 83 Gy for LDR BT [13] . Japanese doses were lower, with median EQD2 of only 62 Gy [11] . It is likely that local control may be sub-optimal in NSW patients as a result of inadequate point A doses.
Bowel and bladder complications of definitive radiotherapy for cervical cancer are not infrequent, can be severe, and severity and frequency correlate with dose; guidelines therefore recommend routine calculation of doses to organs at risk [3] . New South Wales departments demonstrated a high rate of compliance with the documentation required, with all departments recording rectal doses and 8/9 (88%) recording bladder doses, similar to Canada (89% rectal doses and 86% bladder doses) and comparing favourably to Japan (25% and 18%) and USA (25% overall for HDR and 93% for LDR) [11] [12] [13] . The New South Wales POCS showed that 92% of patients were treated to a rectal point dose of less than the recommend- ed maximum of 75 Gy [3] , but only 50% of patients were treated to a bladder point dose of less than the recommended maximum of 80 Gy [3] . The greater likelihood of patients being treated within rectal tolerance rather than bladder tolerance probably reflects the known greater risk of gastrointestinal toxicity compared to bladder toxicity after definitive radiotherapy for cervical cancer [15] . Given accelerated repopulation of tumour clonogens in cervical cancer, guidelines recommend treatment completion within 8 weeks [3, 7] . This benchmark was achieved in only 57% of cases, with local control likely to be adversely impacted as a result. This compares favourably with the 47% rate in the 1996-1999 USA POCS [13] , but unfavourably with the 72% rate reported by the Japanese 1999-2001 POCS [11] .
Technical quality of brachytherapy insertion for cervical cancer has been correlated with local control and toxicity with a strong trend towards improved survival [4, 16] . Given this, an important issue is whether or not cervical brachytherapy caseload affects quality. The American Brachytherapy Society (ABS) has recommended that radiation oncologists with low cervix cancer caseloads (less than four cases per year) refer to larger centres or more experienced physicians [17] . In the UK in 2007 it has been recommended that a minimum of 10 cases be treated per centre per year, although no data were referenced to support this recommendation [18] . Our results support these ABS and UK assertions by showing a direct correlation between departmental cervical BT caseload and BT quality. The higher caseload departments were more likely than lower caseload departments to complete treatment within the benchmark 8 weeks (66% vs. 35% of cases, p = 0.02, Fig. 2) , to treat to the recommended point A dose ≥ 80 Gy (58% vs. 14% of cases, p = 0.001, Fig. 1 ), and to treat using an individualised rather than library plan. As there were no significant differences between higher and lower caseload departments in mean rectal and bladder point doses (or in the proportions of patients with rectal or bladder doses greater than recommended), the higher prescribed point A doses of the higher caseload departments imply that these higher doses were achieved by technically superior BT applicator placement, given that there was no cost in terms of higher doses to organs at risk. The NSW results are consistent with the international literature, generally (but not always) showing significant correlations between departmental caseload or facility size/type and treatment quality/outcomes [5, 6, [19] [20] [21] .
However, our NSW POCS data are the first data to directly compare cervical BT quality benchmarks by institutional cervical BT caseload. All the higher cervical BT workload NSW departments treated more than 10 cases per year, lending support to the UK Royal College of Radiologists' assertion that the minimum number of cases per centre per year should be ten [18] .
Considering that in NSW 5 of 9 departments did not meet this benchmark, that patients treated in these departments were significantly more likely to be treated to lower doses over a longer treatment time with (probably) sub-optimal implants, and that the median number of cervical BT cases per centre in NSW is less than half that of the UK (see Table 1 ), there is an implication that cervical cancer outcomes in NSW may be improved if cervical BT were to be centralised. The same conclusions might be drawn from the data showing low caseload per centre in the USA ( Table 1 ). Given that we have already shown that gynaecological BT is underutilized in NSW and the USA [1] , this would have significant implications for health resource planning and patterns of patient care and referral.
This study did have a number of limitations. It was retrospective, involved small patient numbers, and represents state-of-play in 2003, and therefore not necessarily reflecting current NSW practice. Nevertheless, our results remain applicable: in the UK in 2012, dose was prescribed to a volume in only 29% of centres [22] . In the developing world, many centres, treating the majority of the world's cervical cancer patients [2] , are probably using 2-dimensional treatment planning and dosing to point A. As cervical BT becomes more conformal with the adoption of MRI-based volumetric planning, although target definition is safe in expert centres [23] , there may be a greater risk of geographical miss and poorer tumour control in inexperienced hands. The skills required to perform an adequate BT insertion remain unchanged. Importantly, this study reports technical factors, but not outcome data. The lower point A doses and longer treatment times in patients treated at lower caseload departments are likely to have resulted in poorer disease control [24, 25] . Assuming, the present results are valid, it is not known whether or not further improvements in BT quality might be achieved by increasing the recommended minimum number of cases per centre further beyond ten. These are areas in which future research is likely to be beneficial. 
Conclusions
Cervical BT in NSW in 2003 was dispersed amongst a large number of departments and was of sub-optimal quality in the lower caseload departments. Higher quality brachytherapy was achieved in departments treating at least 10 patients per year. Although previous studies have shown improved treatment quality in larger and/ or academic radiation oncology departments, this is the first study showing an association between cervical BT caseload and treatment quality, and it is likely that improved outcomes will be achievable if at least 10 patients are treated per department per year.
